The Golgi apparatus is one of the major cytoplasmic organelles, and has been regarded as an important structure related to the processing, sorting, and condensing of secretory substances and lysosoma' enzymes, as well as membrane recycling (Inoue and Kurosumi, 1977; Farquhar, 1981; Tooze and Tooze, 1986; Griffiths and Simons, 1986; Schanabel et al., 1989) . In general, there is a unique membrane complex in trans-Golgi areas, which was initially named the Golgi-associated endoplasmic reticulum and lysosome (GERL) by Novikoff (1964) . Since then, various names, such as the trans-tubular network (TIN, Rambourg et al. , 1979) , the transreticular elements of the Golgi system (TRG, Willingham et al., 1984) , the trans-Golgi reticulum (TGR, Geuze et al., 1985) , the trans-sacculotubular elements (TE, Rambourg and Clermont, 1986) , and the trans-Golgi network (TGN, Griffiths and Simons, 1986 ) have been proposed. At present, the unique membrane complex, the so-called trans-Golgi network, is considered to be composed of tubular and cisternal portions (Kurosumi, 1993) .
In a variety of cells (Novikoff et al., 1971; Inoue and Kurosumi, 1977; Paavola, 1978; Clermont et al., 1981; Oliver and Hand, 1983; Rambourg and Clermont, 1986) , AcPase activity has been normally detected in GERL or TGN. Moreover, the AcPase activity in GERL or TGN is changed by alterations in the physiological state of cells, and even disappears when the secretory activity of cells is highly stimulated (Paavola, 1978; Broadwell and Oliver, 1981; Doine et al., 1984) . However, it is unclear whether or not GERL or TGN exists that always lacks AcPase activity under normal physiological conditions. In this context, we report here evidence that such a GERL or TGN does indeed exist.
Materials and Methods
Chemicals. Glutaraldehyde and Epon resin were purchased from TAAB Lab. Equip. Ltd. (England). Other chemicals used were supplied by Wako Pure Chemical Co. (Japan).
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Animals. Five male Wistar rats, weighing 250-350 g, were used. The animals were maintained in cages under air-conditioned circumstances and a 12-hour light-dark cycle. All animals were allowed free access to water and standard laboratory chow.
Preparation of tissue. Under ether anesthesia, the prostate lobes were perfused with 2% glutaraldehyde in 0.1 M cacodylate buffer solution (pH 7.4) containing 0.04% calcium chloride and 4% sucrose via the aorta abdominalis for 5 minutes at room temperature. The lateral prostate lobes were quickly removed, and cut into small pieces (about 1.5 x 1.5 x 3 mm). The tissue pieces were further fixed in the same fixative for 1.5 hours at 4°C. After fixation, some of the tissue pieces were washed in the same buffer solution as used for the fixative, stored overnight in a refrigerator, and used for conventional electron microscopy. Other tissue pieces were subjected to two steps of washing in 0.05 M Tris-maleate buffer solution (pH 7.4) containing 8% sucrose and 5% DMSO for one hour, then in the same buffer solution (pH 7.4) containing 15% sucrose and 5% DMSO, stored overnight in a refrigerator, and used for enzyme cytochemistry.
Conventional electron microscopy. Washed tissue pieces for conventional electron microscopy were cut into smaller size (about 1.5 x 1.5 x 1.5 mm) and fixed in 1% 0s04 diluted with 0.1 M cacodylate buffer solution (pH 7.4) containing 5% sucrose for 1.5 hours at room temperature. Then the tissue pieces were dehydrated with graded ethanol and embedded in Epon resin. Serial ultra-thin sections were made with a diamond knife set on an ultramicrotome (LKB-Huxley, England), contrasted with uranyl acetate and lead citrate, and examined using an electron microscope (JEOL-2000EX, Japan).
Electron-microscopic enzyme cytochemistry. Washed tissue pieces for enzyme cytochemistry were frozen in liquid nitrogen and cut into 2O-Am-thick sections using a cryostat (Lipshow, USA). The frozen sections were mounted on poly-L-lysine-coated slide glasses, dried with a fan, placed in slide preservers that were sealed with adhesive tape, and stored in a refrigerator at -20°C until required for use (a few days).
The frozen sections were incubated in the following reaction media at room temperature or at 37°C for 15 to 60 minutes. For the control reaction, frozen sections were incubated in the reaction medium without the substrate for each enzyme. To demonstrate the localization of AcPase with naphthol AS-BI phosphate as a substrate, the medium of Kimura and Ichihara's method (1985) was used. It was composed of 1 mM naphthol AS-BI phosphate, 4.4 mM sodium citrate, and 2 mM cerium chloride or lead nitrate in 0.1 M acetate buffer solution (pH 5.0) containing 100 mM sucrose. To demonstrate lysosomal AcPase, Gomori's (1952) or Robinson and Karnovsky's method (1983) was employed. The medium of Gomori's method was composed of 8 mM (3-glycerophosphate (r3-GP), 3.6 mM lead nitrate, and 100 mM sucrose in 0.1 M acetate buffer solution (pH 5.0). The medium of Robinson and Karnovsky's method was composed of 1 mM (3-GP, 2 mM cerium chloride, and 100 mM sucrose in 0.1 M acetate buffer solution (pH 5.0). To demonstrate thiamine pyrophosphatase (TPPase) activity, the medium of Novikoff and Goldfischer's method (1961) was used. It was composed of 2 mM thiamine pyrophosphate, 3.6 mM lead nitrate, 5 mM manganese chloride, and 100 mM sucrose in 80 mM Tris-maleate buffer solution (pH 7.2). The pH was brought to 7.0 with 1 N HC1 prior to incubation.
After these incubations, every section was washed 3 times in the buffer solution used for the particular incubation method at 4°C, then briefly rinsed in 0.1 M cacodylate buffer solution (pH 7.4) containing 5% sucrose at 4°C. The washed sections were fixed in 1% 0504 buffered with 0.1 M cacodylate buffer solution (pH 7.4) containing 5% sucrose for 30 minutes at 4°C, dehydrated with graded ethanol, and covered with polyethylene capsules filled with Epon resin. Serial ultra-thin sections were made and observations were carried out as described in the previous section on conventional electron microscopy. However, ultra-thin sections not contrasted with uranyl acetate and lead citrate were also observed.
Results
General structure.
As shown in Plate 1, the Golgi apparatus in secretory cells of the normal rat lateral prostate was composed of 4 to 6 cisternae having convex (cis) and concave (trans) faces. The outermost cisterna on the cis side appeared as if the vesicles were lining up because of the fenestrations that could be judged from serial sections. Wells described by Rambourg and Clermont (1986) also contributed to the discontinuous appearance of the outermost cisterna. Transfer vesicles were located in the cis-Golgi area between the transitional element and the outermost cisterna. In the middle to trans cisternae, expanded portions were occasionally seen. Dense-core-like structures were often seen in the expanded portions and sometimes in flat portions of these cisternae (Fig. 2) .
In the trans-Golgi area, there were branched--tubular structures with complicated shapes that occasionally continued to the innermost cisterna on the trans face of the Golgi stack. The tubular structures also had expanded portions. These occasionally appeared as if several vacuoles were linking with slender portions of the tubular structures and lining up (Fig.  2) . The expanded portions appeared as electronlucent vacuoles in various sizes depending on the cutting position. In the expanded portions electrondense cores were often seen (Fig. 2) . Moreover, there were unique membrane cisternae with thickened limiting membrane whereby the unique membrane cisternae showed a rigid appearance, which revealed uniform distances between flat cytoplasmic surfaces or between inner surfaces of limiting membrane that were about 36.7 nm or 23.3 nm (Plate 2). Cross sections of one cisterna appeared in more than 5 serially cut ultra-thin sections. Fine granular substances and pillar-like structures as described by Inoue and Kurosumi (1989) were found in the cisternal lumen (Plate 2). The unique membrane cisternae continued to condensing vacuoles and were closely associated with rough endoplasmic reticulum (rER, Plate 2). Fusion or budding of coated vesicles was also seen (Figs. 1, 5 ). The tubular structure with expanded portions and unique membrane cisternae appeared to make up the unique membrane complex in the trans-Golgi area. These structural features showed the unique membrane complex corresponding to those described in the introduction as GERL (Novikoff, 1964) , TTN (Rambourg et al., 1979) , TRG (Willingham et al., 1984) , TGR (Geuze et al., 1985) , TE (Rambourg and Clermont, 1986) , and TGN (Griffiths and Simons, 1986 ).
Enzyme-cytochemical observations. 1. Distribution of AcPases. Using naphthol AS-BI phosphate as a substrate, the reaction products were mainly located in expanded portions of cis-and trans-Golgi cisternae, and in the halo of condensing and secretory vacuoles (Fig. 7) . The tubular structures also showed enzyme activity, especially in their expanded portions (Fig. 7) . The reaction product, however, was never found in the cisternal portion with the rigid appearance of TGN (Fig. 7) . In the portion of the incubated tissue that seemed to be sufficiently penetrated with components of the reaction medium, a visible amount of reaction product was demonstrated in transfer vesicles in the cis-Golgi area (Figs. 7, 8) .
Using P-glycerophosphate as a substrate, lysosomes and middle-to trans-Golgi cisternae of the Golgi apparatus showed a positive reaction by Gomori's method (Fig. 9) . In the innermost cisterna, however, enzyme activity was very week or sometimes absent (Fig. 9) . Moreover, Gomori's method and the method of Robinson and Karnovsky showed no reaction product in the expanded portions of the Golgi cisternae where the activity of the AcPase reactive with naphthol AS-BI phosphate was found. Using the method of Robinson and Karnovsky, reaction products were found only in lysosomes that occasionally showed a tubular appearance in the trans-Golgi area (Plate 4). Continuity of tubular lysosomes to condensing vacuoles or to the GERL or TGN in the trans-Golgi area was never observed. Neither Gomori's nor Robinson and Karnovsky's methods showed reaction products in GERL or TGN (Fig. 9 and Plate 4).
2. Distribution of TPPase. Reaction products were found in two cisternae on the trans side of the Golgi stack (Plate 5). However, GERL or TGN and condensing vacuoles showed negative reactivity (Plate 5).
3. Control reactions for the enzyme cytochemistry. All the control reactions without the substrate yielded negative reactivity (data not shown).
Discussion
I. Distribution of enzyme-reactive sites in the cisGolgi area and Golgi apparatus. The distribution of AcPases in the Golgi cisternae was different among the three methods of Gomori (1952) , Robinson and Karnovsky (1983) , and Kimura and Ichihara (1985) . Although no AcPase activity could be demonstrated in the rER and its transitional elements when naphthol AS-BI phosphate was used as a substrate, the enzyme activity was found in transfer vesicles and in expanded portions of the Golgi cisternae as well as tubular potions of TGN, whic continue to the transmost cisterna of the Golgi stack. This is in complete agreement with the result of our previous report (Kimura and Ichihara, 1985) , and shows that the AcPase that reacted well with naphthol AS-BI phosphate is originally confined within the membranous components involved in the secretory function (except for the cisternal portion of GERL or TGN), so that at least in the normal physiological condition of adult rats, the enzyme in secretory cells of the lateral prostate should be referred to as acid naphthol AS-BI phosphatase. Using 13-GP as a substrate, the middle-to trans-Golgi cisternae showed positive reactivity by Gomori's method, but not by Robinson and Karnovsky's method. The difference in results between the two methods seemed to depend on the difference in the concentration of the substrate. Incidentally, both methods use P-glycerophosphate as a substrate, and the substrate concentration of Gomori's method is 8 times higher than that of Robinson and Karnovsky's. Both methods are used to demonstrate nonspecific AcPase such as lysosomal type. Concerning the AcPase activity demonstrated in the middle cisternae by Gomori's method, the possibility cannot be ruled out that other phosphatases, such as NADPase, may hydrolyze 13-GP nonspecifically, since Smith (1980) suggested the possibility that NADPase was commonly localized in the middle-Golgi cisternae in various cells, and cross-reacted with several substrates including 3-GP. As yet, however, unpublished data in our laboratory have shown negative reactivity of NADPase in the Golgi cisternae of secretory epithelial cells in the rat lateral prostate. Although the reactive sites demonstrated by Gomori's method on the trans side of the Golgi stack seem to overlap at least in part with those of TPPase, acid naphthol AS-BI phosphatase does not seem to exist in the same portions of the cisternae in which lysosomal AcPase is localized, since no enzyme activity was demonstrated by Gomori's method or by the method of Robinson and Karnovsky in the expanded portions of the Golgi cisternae where the activity of acid naphthol AS-BI phosphatase was detected. Therefore the results of this study suggest that acid naphthol AS-BI phosphatase, probably synthesized in the rER, is transported to the Golgi cisternae by transfer vesicles, then sorted out of the lysosomal AcPase upstream from the trans-Golgi network. However, further study is needed to determine exactly where lysosomal AcPase is sorted out of secretory substances.
2. The cisternal portion of GERL or TGN. In the trans-Golgi area of secretory cells in the rat lateral prostate, the unique membrane cisternae with thickened limiting membrane were generally seen, as in other cells. The unique membrane cisternae have structural similarity with the plate-like cisternae described by Inoue and Kurosumi (1989) . As described in the section on general structure, the unique membrane cisterna was considered a part of GERL or TGN. In a variety of cells, GERL or TGN revealed AcPase activity (Novikoff et Rambourg and Clermont, 1986) , and the AcPase has been regarded as a marker enzyme of GERL or TGN, as in lysosomes (Kurosumi, 1993) . Additionally, AcPase activity in GERL or TGN is known to be modulated by alterations in the physiological state of living cells. That is, AcPase activity decreases or disappears from GERL or TGN in cells of exocrine glands in developing animals (Doine et al., 1984; Hand and Oliver, 1984a) , in fibroblasts producing collagen (Yajima, 1988) , and in cells of exocrine and endocrine glands when their secretory activities are highly stimulated (Paavola, 1978 ;-Broadwell and Oliver, 1981; Hand and Oliver, 1984b) , while enzyme activity is increased when parotid acinar cells are stimulated with a secretagogue (Oliver and Hand, 1983 ). In the Golgi apparatus in secretory cells of the rat lateral prostate, however, even in the normal condition AcPase activity could not always be found in the cisternal portion of GERL or TGN. Thus in physiologically normal adult rats, the cisternal portion of GERL or TGN in secretory cells of the lateral prostate does not seem to be involved in the processing and transport of nonspecific AcPase, unlike other cells (Novikoff et al., 1971; Geuze et al. , 1985 ; Griffiths and Simons, 1986 ), or to require AcPase activity for its functions. This shows that the tubular lysosomes seen in the present study do not derive from the cisternal or tubular portions of TGN. However, the data in this study do not exclude the possibility that other AcPases that hydrolyze phosphate esters other than 13-GP and naphthol AS-BI phosphate may exist in the cisternal portion of GERL or TGN. Even though there are other AcPases that cannot hydrolyze P-GP, such enzymes will not be marker enzymes of the cisterna. Further study may clarify the finding that, as was observed in other cells (Ozawa, 1991) , even in the TGN of secretory epithelial cells in the rat lateral prostate, lysosomal AcPase develops when the functional state is extremely changed, e.g., deprivation of testosterone from the prostate. Under such condition the secretory epithelial cells increase their number of lysosomes and lysosomal enzyme activity (Helminen and Ericsson, 1972; Kimura et al., 1991) . Furthermore, the present data support the concept that GERL or TGN belongs to the Golgi apparatus (Inoue and Kurosumi, 1977; Fujita and Okamoto, 1979) , because, from the results of the present study, it is considered that not only the structural continuity of the trans-Golgi cisterna to the tubular portions of TGN, which also continue to condensing vacuoles, but also the continuity of the stream of secretory substances from the Golgi cisterna to condensing vacuoles is observed, so that secretory vacuoles will be made through the Golgi stack and tubular portions of TGN. However, differences in the distribution of enzymes in the Golgi apparatus appear due to the diversity of the Golgi apparatus including TGN that will be caused by differences in cell species and/or functional states. Serially sectioned unique membrane cistemae with rigid appearance associated with rER as seen by conventional electron microscopy. Fine granular and pillar-like structures (small arrows) as described by Inoue and Kurosumi (1989) are seen in the cisternal lumen. On the left side of Fig. 5 , a coated vesicle (arrowhead) continues to the unique membrane cisterna. x75,000 each. Bars: 0.51Am. Plate 111 Fig. 7 . A Golgi area of a secretory epithelial cell in the rat lateral prostate from tissue incubated in the reaction medium for AcPase containing naphthol AS-BI phosphate as a substrate and cerium chloride as a capture reagent . Reaction products are seen in expanded portions of stacked Golgi cisternae especially on the cis (small arrowheads) and trans (large arrowheads) sides . Some small vesicles (transfer vesicles) in the cis-Golgi area (small arrows) and the structures considered a part of the tubular structures (TS) of GERL or TGN contain reaction products. The peripheral zone, which is clear in conventional microscopy, of condensing (CV) and secretory (SV) vacuoles also shows enzyme activity. Unique membrane cisternae (large arrows) do not reveal enzyme activity. An autophagic lysosome (Ly) contains a small amount of reaction product that seems due to enzyme derived from crinophagy of condensing or secretory vacuoles as described by Kimura and Ichihara (1985) . x30,000. Bar: 1.01-tm. Fig. 8 . A Golgi area from the tissue incubated in the same incubation medium cited in Fig. 7 , but lead nitrate was used as a capture reagent. Arrows show the reaction products in some small vesicles in the cis-Golgi area that are transfer vesicles . x50,000. Bar: 0.5m. Fig. 9 . A Golgi area of secretory epithelial cell from tissue incubated in the reaction medium for AcPase by Gomori's method . In the stack of Golgi cisternae that is located near the nucleus (N), the reaction products are found in the middle two cisternae, but not in one cisterna on the trans face (large arrowheads) or in vacuoles on the cis face that seem to be artificially swollen (small arrowheads). A unique membrane cisterna (arrows) and vesicular or vacuolar structures (TS) , which are considered a part of the tubular structures of GERL or TGN, in the trans-Golgi area also show no reaction product . Condensing vacuoles (CV) do not contain any reaction product. A lysosome (Ly) shows heavy reaction. x30,000. Bar: 1.0 Rm.
Plate IV
Figs. 10-12. Serially sectioned Golgi apparatus in a secretory epithelial cell of the rat lateral prostate incubated in the reaction medium for AcPase containing (3-GP by the method of Robinson and Karnovsky (1983) . Reaction products are seen only in lysosomes that occasionally show tubular appearance, as depicted in the photos (TL), but not in other structures, especially stacked Golgi cistemae, tubular structures (TS), and unique membrane cisternae (arrows) in the trans-Golgi area. In Figs. 10 and 11, arrowheads show that the tubular structures (TS) seem to continue to the innermost cisterna of the Golgi stack. x50,000 each. Bars: 0.5 gm.
